In the present overview, practical application of the visual evoked potential (VEP) in paediatric neuro-ophthalmology is described across a wide range of ophthalmogenetic disorders, including albinism, Pelizaeus-Merzbacher disease and spastic paraplegia. The VEP approach is based on a four parameter subdivision of the electrophysiological response which includes, (1) amplitude (PV), (2) latency (ms), (3) waveform (component specificity), and (4) topography (potential distribution across the electrode array). In the case studies presented, evoked potential measures provide clinically useful and even at times invaluable insights concerning the presence, extent and type of visual pathway compromise.
Introduction
In a previous review [l] , the application of visual evoked potential (VEP) assessment in various ophthalmogenetic disorders was described. By way of a diverse sample of genetic anomalies, the review emphasized not only the importance of the VEP in the detection, differential diagnosis and prognosis in a variety of ophthalmogenetic diseases but also its importance in the specifica-tion of genetic patterns or modes of inheritance. In addition to its role as a diagnostic probe of functional integrity along the visual pathway, the VEP was shown to effect greater precision in the characterization of a given family pedigree. Thus, the major benefit of a non-invasive electrophysiological approach to ophthalmogenetic evaluation is more accurate genetic counselling and a concomitant improvement in treatment.
If non-invasive methods for assessing visual function are applied to the pre-verbal and non-verbal patient, a sensitive and powerful probe of visual function and dysfunction emerges. In the present overview, application of the visual evoked potential in pae- diatric ophthalmogenetics is described along with various stimulus and recording techniques designed to optimize VEP testing in infants and young children. An acute and poignant motive for this test approach is the need for non-invasive and accurate methods to: (1) assess the integrity of sensory function during various stages of ontogenesis, (2) detect, at an early stage, visual system anomalies that can lead to irreversible visual impairment, and (3) effect early identification of affected family members.
Methodology

Puediatric stimulus and recording strutegy
For clinical purposes, the three most common modes of stimulation for recording evoked cortical responses are the luminance flash, the pattern reversal and the pattern onset/offset or pattern appearance/disappearance, as it is also labelled ( Fig. 1) . At a slow rate of stimulus presentation, as depicted, each of these stimulus conditions has its own response signature in terms of number, latencies and sign (negativity or positivity) of various peaks and troughs. If the stimulus rate is sufficiently slow to allow the relevant brain responses to recover prior to the next stimulus presentation, the VEP is classified as transient. As depicted in the luminance VEPs from a 25week-old normal infant (Fig. 2) , with higher and higher rates of stimulation, waveshape specificity deteriorates and the responses begin to resemble a sinewave with the fundamental frequency or harmonics of the stimulus frequency. If the rate of stimulation is sufficiently high to preclude response recovery, the VEP is termed steady state. Both the higher frequency steady state VEP and the transient VEP are important for clinical application and frequently yield complementary information.
The latter, however, also yield waveform information which, as seen in Figs. 3 and 4, is particularly useful in assessing response maturation. As illustrated for both the luminance flash and the pattern onset, the response profiles, including waveform, amplitude and latency are age sensitive.
The development of characteristic adult-like responses, particularly in waveform, requires a rather lengthy maturational course.
Visual stimulation
The two stimulus configurations most frcquently referred to in this overview are the checkerboard (primarily pattern onset), and homogeneous luminance field (primarily luminance flash). Checkerboards, typically generated on a computer driven monitor, are the pattern configuration of choice over more simple patterns such as horizontal or vertical stripes. The rational behind this choice is two-fold.
First, because of greater contour (edge) information, checkerboards typically yield larger amplitude responses than corresponding bar patterns [2] . Second, the checkerboard, with its multiple contour orientations may more readily bypass stimulation orientation deficits due to nystagmus and/or refractive errors such as astigmatism [3, 4] . In terms of mode of pattern stimulation, the pattern onset is the method of choice. The rational behind this preference is also two-fold. Hz and 2 Hz show the expected waveform complexes. As the frequency rate increases, specific waveform features diminish and the response develops a sine-wave appearance with a fundamental frequency equal to that of the stimulus frequency (adapted from [3] ).
ulus configuration for assessing temporal vision (i.e., temporal responsivity).
Growth functions of VEP temporal responsivity are now available [9] .
VEP recording
To record pattern or luminance responses, an appropriate recording montage is important. For the data presented, the electrode montage consisted of five "active" electrodes positioned across the occiput, 1 cm above the inion and linked to a high forehead reference (or linked ear lobes). An additional ground was placed at the vertex. Filtering and amplification followed standard VEP recording procedures.
For more details on stimulus and recording procedures in paediatric populations, see Apkarian (1994) . the luminance flash response increases in complexity and the latency of the major deflections decreases. In the adult the first major positive peak has a latency around 100 ms. Very early latency deflections appear less sensitive to maturational changes. Note also the trend towards an inverted U-shaped function of response amplitude as a function of age (adapted from [3] 
MATURATION: LUMINANCE FLASH
Results and discussion
In addition to emphasizing maturational changes in the VEP response profile, the approach adopted in this overview of electrodiagnosis in paediatric ophthalmogenetics is rather straightforward.
Response As can be seen from Session I, for this infant VEP signals of sufficient amplitude to be distinguished from background noise yield a positive answer to both of these questions and in this case also contributed to the medical decision to provide this infant with life support surgery.
If more specific questions are posed such as, "How much can the baby see and/or are there maturational improvements?" then relative amplitude measures within the same individual provide more information.
In Fig. 5 , Session 11, for example, the minimum and optimum pattern sizes which yield reliable responses demonstrate maturational improvements.
Relative amplitude measures can also provide useful information regarding visual acuity. How is this accomplished?
This query is addressed by the following example which stresses the close relationship between the smallest pattern size yielding a VEP response and Snellen acuity. At the left of For Session I (left), both a reliable pattern onset response and a response to luminance flash were present. The pattern size yielding the largest amplitude was 220', the smallest, 110'. During follow-up approximately 4 months later (Session II), measurable improvement in visual responsivity was noted. The pattern size yielding the largest amplitude improved to 55' and the minimum decreased to 38'. Note, also, that both the pattern and luminance flash responses are poorly differentiated and show, particularly for Session II, delayed response latencies for age. Vertical calibration bar equals 5 PV for pattern onset responses and 10 PV for luminance flash (adapted from [3] ).
a normal &year-old.
Notice that the pattern onset response is immature. Rather than a tri-phasic waveform with clearly distinct Cl (positive), Cl1 (negative) and Cl11 (positive) deflections, the responses are dominated by a single positive peak labelled in this overview as PI; the longer latency negative deflection is labelled Nl. This is of particular importance for the pre-verbal and non-verbal patient. Fig. 8 depicts the VEP response profile from a severely psychomotor retarded child. Psychomotor retardation is of frequent incidence in a variety of genetic disorders [13] . Despite the serious behavioral limitations with which this child presents, relative VEP measures allow not only the determination of visual acuity but also the objective assessment of visual maturation and the detection 
Latency
To address this problem, the next electrophysiological variable to be examined is latency. Unlike amplitude, absolute latency values can be readily compared across subjects provided stimulus and recording conditions as well as age are carefully matched. As suggested earlier, developmental changes in latency are dramatic and certainly must be borne in mind. In the following examples, the clinical application of relative and absolute latency measures is evaluated. Fig. 9 emphasizes absolute latency delays involving both eyes as depicted in the pattern onset response of a three year old boy. This young boy is retarded and has a serious degenerative disease called spastic paraplegia.
It is a progressive, Relative amplitude measures of the pattern onset response between the two eyes show that the minimum recordable pattern size differs by a factor of about 4 between the fellow eye (OS) and the amblyopic eye (OD Fig. 9 . Pre-symptomatic delayed latency in the binocular (OU) and monocular (OS and OD) pattern onset VEPs of a young child with spastic paraplegia.
The vertical dashed line drawn through the major positive peak is severely delayed (about 250 ms) indicating optic neuropathy.
The pedigree shows a dominant mode of inheritance.
The proband is denoted SP (adapted from [l] ). test results, the young patient was referred for psychotherapy.
Before turning to the last VEP parameter of interest, a VEP profile is presented from an infant with a rare disease effecting dysmyelination (Fig. 13) . The purpose of this example is to emphasize the interdependence of the VEP variables that have been discussed. In this case, both the minimum and optimum binocular pattern on- set VEPs indicate delayed spatial vision. In addition both the pattern and luminance responses show poor waveform differentiation and delayed latencies. These results facilitated early diagnosis of Pelizaeus-Merzbacher disease (PMD), while follow-up provided an objective assessment of visual maturation and disease progression.
Topography
The final evoked potential parameter of interest is, topography.
What is meant by topography is simply the inspection of the VEP responses across the electrode array, i.e., the potential distribution across the scalp. It is of importance that following monocular stimulation the potential distribution remains constant for the agematched normal control whereas for the albino, contralateral asymmetry is reflected in the poten- In addition to varying genotypes and phenotypes, it is also important to consider that, with the exception of mis- VEP misrouting test which relies upon relative VEP topography, is essential for albino detection and differential diagnosis.
Conclusions
With strict adherence to non-invasive electrophysiological recording methods and test conditions specifically adapted for infants and young children, the VEP proves to bc a sensitive and reliable diagnostic probe of visual function and dysfunction in paediatric ophthalmogenetics. Moreover, VEP assessment in the infant or child can readily provide accurate evaluation of the level of visual system maturation and with, follow-up studies, also the rate of growth. For VEP analysis, the electrophysiological response can be reduced to four basic parameters, amplitude, latency, waveform and topography. Determination of whether one or more variable falls within normal limits is dependent upon comparisons with age matched normal controls tested under the same conditions. Finally, the additional advantage of relying upon the VEP in the practice of ophthalmogenetics is that VEP testing can facilitate pedigree analysis by defining, for certain genetic disorders, affected family members.
